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[57] ABSTRACT 

Liquid crystal display (LCD) driving circuit in which a small 
number of voltage sources enable multi-gradation display 
and gamma correction without extra gamma correction 
circuits is disclosed. The LCD driving circuit includes a 
ramp wave generator for generating a plurality of ramp 
waves each having an appropriate tilt for each section along 
a T axis of a T-V (transmission-voltage) curve representing 
the light transmittivity of an LCD according to an appUed 
voltage, a ramp wave selector for selecting one of the 
plurality of ramp waves according to input data, and a 
counter for adjusting the time the ramp wave outputted by 
the ramp wave selector is applied. 

20 Claims, 7 Drawing Slieets 
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LIQUID CRYSTAL DISPLAY DMVING 
CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to driving a liquid crystal 
display and, more particularly, to a liquid crystal display 
(LCD) driving circuit in which a small number of voltage 
sources enable multi-gradation display, and gamma correc- 
tion can be obtained without extra gamma correction cir« 
cuits. 

2. Discussion of the Related Art 

A liquid crystal display (LCD) has generally been 
mounted in a personal computer (PC). Currently, a standard 
LCD displays 512 colors using a 6 bit digital driver. 

Since image information and communication information 
have been available in a computer, an LCD has been 
required to display more than 64 gradations (0.26 million 
colors) for each of R, G, and B. Currently, the transmittivity 
(luminosity of an amoimt of transmitted hght) of an LCD is 
changed according to an applied voltage, as shown in the 
T-V (transmission-voltage) curve of FIG. 1. Displaying 
methods are divided into a normally white and a normally 
black, depending on whether the state in which a voltage is 
not applied results in a white mark or a black one. FIG. 1 
applies to the case of the normally black mode. Referring to 
FIG. 1, the change of transmittivity is nonlinear according to 
the change in voltage in sections o-a and c-d, and more linear 
in section a-c. The goal of gamma correction is to make the 
whole T-V curve linear by making sections o-a and c-d 
linear. As shown in FIG. 2, line 3, which represents the 
change in voltage of the T-V curve, is corrected with line 1, 
thus making the T-V line linear, as shown by line 2. 

FIG. 3 is a block diagram of a conventional gamma 
correction circuit, which includes an analog/digital (A/D) 
converter 11 for converting an analog image signal into a 
digital signal; a detecting part 12 for determining a digital 
value converted by the A/D converter 11 and providing an 
address for a lookup table 13 having a gamma value; a 
lookup table 13 for outputting the gamma value stored in the 
address provided by the detecting part 12; an adder 14 for 
adding an output of the A/D converter 11 and an output of 
the looki^) table 13; and a D/A converter 15 for converting 
an output coming from the adder 14 into an analog signal. 

The analog image signal inputted is converted into a 
digital value by the A/D converter 11 and finally is outputted 
into the detecting part 12 and the adder 14. The detecting 
part 12 determines the digital value converted and outputs a 
corresponding address into the lookup table 13. The lookup 
table 13 outputs into the adder 14 a gamma value recorded 
at the address provided by the detecting part 12. The gamma 
value necessary to make the T-V curve linear is akeady 
recorded in the lookup table 13. Accordingly, the output of 
the A/D converter 11 and that of the lookup table 13 are 
added in the adder 14, and then the added value is converted 
into an analog signal in the D/A converter 15, thereby 
making the T-V curve linear, like the line 2 of FIG. 2. 

However, preciseness of the gamma correction is cut off 
due to a round off error which is generated when the analog 
signal is converted into the digital signal. Also, as a voltage 
source is increased, gradations are difficuh to display, requir- 
ing an extra circuit and memory to perform gamma correc- 
tion. As a result, the entire circuit is enlarged, increasing 
power consimiption and manufacturing cost. 

Referring to FIG. 4, there is another method for making 
a T-V curve linear by carrying out gamma correction. 
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namely, by using ramp waves. In FIG. 4, "tl" is a time which 
is spent to increase one count value. Accordingly, if the tilt 
of a ramp is constant, there will be a voltage V2 between a 
voltage VI at a time point ta and a voltage V3 at a time point 
5 tb for the gamma correction, and the counter should be fast 
to obtain V2. 

For example, in FIG, 4, it is sufficient that a counter can 
count up to 64 in the case of 6 bit data. However, since a time 
point between ta and tb is needed to obtain the V2, about 8 
10 bits should be processed during the same time. Accordingly, 
a lookup table shown in FIG. 3, such as a read only memory 
(ROM), is needed and a high speed counter is needed to 
process the extended data. This enlarges the entire circuit, 
increasing power consumption and manufactm-ing cost. 

SUMMARY OF THE INVENTION 

Therefore, the present invention is directed to an LCD 
driving circuit that substantially obviates one or more of 
problems due to limitations and disadvantages of the related 
20 art. 

An object of the present invention is to provide an LCD 
driving circuit in which a plurality of ramp waves having 
different tilts are generated to obtain different voltages at the 
same time point, so that gamma correction can be achieved 
without an extra ganuna correction drcuit. 

Another object of the invention is to provide an LCD 
driving circuit in which a T-V curve is divided into prede- 
termined sections and ramp waves are generated to have 
different tilts according to the sections. Each of the ramp 
waves is added to a voltage corresponding to each section, 
whereby multi-gradation display is enabled by a small 
number of voltage sources and gamma correction is avail- 
able without an extra gamma correction circuit. 

Additional features and advantages of the invention will 
be set forth in the description which follows and in part will 
be apparent from the description, or may be learned by 
practice of the invention. The objectives and other advan- 
tages of the invention will be realized and attained by the 
structure particularly pointed out in the written description 
and claims hereof as well as the appended drawings. 

To achieve these and other advantages and in accordance 
with the purpose of the present invention, as embodied and 
broadly described, the liquid crystal display (LCD) driving 
45 circuit includes a ramp wave generating means for gener- 
ating a plurality of ramp waves each having an appropriate 
tilt for each section along a T axis of a T-V (transmission- 
voltage) curve representing the light transmittivity of an 
LCD according to an apphed voltage, a ramp wave selecting 
50 means for selecting one of the plurality of ramp waves 
according to input data, and a count means for adjusting the 
time the ramp wave outputted by the ramp wave selecting 
means is applied. 

In another aspect, there is provided another LCD driving 
55 circuit which includes a voltage generating means for gen- 
erating voltage sources each corresponding to sections along 
a T axis of a T-V (transmissivity-voltage) curve representing 
the light transmittivity of an LCD according to an applied 
voltage, a ramp wave generating means for generating ramp 
60 waves each having an appropriate tilt for each of the 
sections, an adding means for adding the voltage source and 
ramp wave generated from the voltage generating means and 
the ramp wave generating means, respectively, for a corre- 
sponding section, and a count means for adjusting the time 
65 an adding result of the adding means is applied. 

In another aspect, a method for driving an LCD includes 
the steps of generating a plurality of ramp waves each 
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having an appropriate tilt for each section along a T axis of First embodiment of the invention 

a T-V (transmission-voltage) curve representing the light FIG. 5 shows ramp wave forms of different tilts generated 

transmittivity of an LCD according to an applied voltage, by an LCD driving circuit according to a first embodiment 

selecting one of the plurality of ramp waves according to of the invention. Note that voltages VI, V2, and V3 are 

input data, and a time the ramp wave outputted by the ramp 5 obtained in one time point tl. Accordingly, a tilt for gamma 

wave selecting means is applied. correction is already set for each section of a TFT-LCD T-V 

In another aspect, a method for driving an LCD includes curve, and then a section is selected according to inputted 
the steps of generating voltage sources each corresponding data. A predetermined ramp voltage is applied to the selected 
to sections along a T axis of a T-V (transmissivity-voltage) section, and a switch is adjusted to be on or off by using a 
curve representing the light transmittivity of an LCD accord- lO counter, thus obtaining the voltage applied to the final panel, 
ing to an applied voltage,generating ramp waves each hav- FIG. 6 is a structural block diagram of the LCD driving 
ing an appropriate tilt for each of the sections, adding the circuit consistent with the first embodiment of the invention, 
voltage source and ramp wave generated from the voltage For explanatory purposes, the input data is chosen to be 6 
generating means and the ramp wave generating means, bits. However, the inputted data and the section of the T-V 
respectively, for a corresponding section, and adjusting the 15 curve can be chosen differently according to the character- 
time an adding result of the adding means is applied. istics of a particular panel. 

It is to be underetood that both the foregoing general Referring to HG. 6, the LCD driving circuit includes a 

description and the following detailed description ate exem- ramp wave generatuig part 21 for generating ramp wavw 

plary and explanatory only and are intended to provide each having a different Ult at each section a selectmg part 22 

further explanation of the invention as claimed. ^ «'"^^°8 thc t^mp waves generated by the ramp wave 

generatmg part 21 accordmg to mputted data, a counter 23 

BRIEF DESCRIPTION OF THE DRAWINGS counting the inputted data, a switching part 24, respon- 
sive to an output of the counter 23, for outputting the ramp 

These and various other objects, features, and advantages wave selected by the ramp wave selecting part 22, and a 

of the present invention will be readily understood with 25 buffer 25 for temporarily latching an output of the switching 

reference to the following detailed description read in con- part 24. 

junction with the accompanying drawings, in which: For 6 bit input data, the selecting part 22 selects a ramp 

FIG. 1 is a graph showing a general relationship between wave by receiving front 2 bits D5 and D4. The counter 23 

a transmittivity and a voltage (T-V); counts 6 bits of the input data in sequence so as to control 

HG. 2 is a graph showing the process for making the T-V the switching part 24. In this case, the tilt of the ramp wave 

curve of FIG 1 linear* generated by the ramp wave generating part 21 for gamma 

cor7eSion drcJIr* ' 8™ W "oT^-wl^^ctlZ^.^^"^^^ '^'^ 

' FIG. 7 is a detailed block diagram of the selecting part 22 

HG. 4 is a conventional ramp wave form chart for making 35 piG. 6. It includes a decoder 31 for enabUng a corre- 

the T V curve of FIG. 1 linear; spending output among a plurality of outputs according to 

FIG. 5 is a ramp wave form chart for making the T-V values of input data D5 and D4. It also includes analog 

curve of FIG. 1 linear by using an LCD driving circuit switches 32, 33, 34, and 35 for outputting a corresponding 

consistent with a first embodiment of the invention; ranip wave when switched on by the output of the decoder 

FIG. 6 is a structural block diagram of the LCD driving 40 31. The analog switch 32 outputs a first ramp wave rl 

circuit consistent with the first embodiment of the invention; generated by the ramp wave generating part 21 when 

HG. 7 is a detailed circuit diagram of the ramp wave switched on by an output value QO of the decoder 31. The 

selecting part of FIG 6- analog switch 33 outputs a second ramp wave r2 generated 

HG. 8 is a structural'block diagram of an LCD ddving . "^^ ramp wave generatmg part 21 when switched on by 

circuit consistent with a second embodiment of the inven- 0" PU« value Ql of the dea)der 31 The atialog switch 34 

outputs a thud ramp wave r3 generated by the ramp wave 

l!^^ « „ ^ , ^ generating part 21 when switched on by an output value Q2 

FIGS. 9a to 9c are ramp wave form charts of ramp waves ^f the decoder 31. Tlie analog switch 35 outputs a fourth 

of different tilts generated by the ramp wave generatmg part j^mp wave r4 generated by the ramp wave generating part 

of FIG. 8; 5Q 21 when switched on by an output value Q3 of the decoder 

FIG. 10 is a detailed circuit diagram of the first and second 31. The output ports of the analog switches 32, 33, 34, and 

selecting parts of FIG. 8; 35 are all connected to switching part 24. 

FIG. 11 is a detailed circuit diagram of the adder of FIG. According to the first embodiment of the invention having 

8; the above-described structure, the front 2 bits D5 and D4 of 

HGS. 12a and 12b are graphs showing processes for ^5 the input data are used for selecting a ramp wave form of 

making a T-V curve linear; ^^^^ section, and the 6 bits D5 to DO are used for the counter 

ia • u u • J- . 23. The ramp wave generating part 21 generates ramp waves 

FIG. 13 IS a graph showmg a T-V curve accordmg to the . , a u • j-<r * * . .i. -r^, 

r ^ rl to r4 havmg different tilts so as to correct the T-V curve 

mvention; and, * u u • ct*^ £ 

at each section, as shown m FIG. 6. 

HG. 14 is a structural block dia^am of an LCD driving ^ x^e selecting part 22 selects a corresponding ramp wave 

circuit consistent with a third embodiment of the invention. ^j^oag the nunp waves generated by the ramp wave gener- 

DETAILED DESCRIPnON OF TOE ^^^^ ^1 according to the vahies of the fiont 2 bite D5 

PREFERRED EMBODIMENTC ^Tf^ data. For example if D5 «>d D4 are 

00, the output QO of the decoder 31 is enabled and the other 

Reference will now be made in detail to the preferred 65 outputs Ql to Q3 are disabled. Accordingly, the analog 

embodiments of the present invention, examples of which switch 32 of the selecting part 22 is on and the other analog 

are illustrated in the accompanying drawings. switches 33 to 35 are off, so that only the first ramp wave rl 
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inputted into the analog switch 32 is outputted into the Hie analog switch 53 is switched according to an output 
switching part 24. Or, if D5 and D4 are 01, the output Ql of value QO of the decoder 51 for outputting a first ramp wave 

the decoder 31 is enabled and the rest of the outputs QO, Q2, rl generated by the ramp wave generating part 41. The 

and Q3 are disabled, so that only the second ramp wave r2 analog switch 54 is switched according to an output value of 

is outputted into the switching part 24. In the same manner, 5 the OR gate 52 for outputting a second ramp wave r2 

if D5 and D4 are 10, only the third ramp wave r3 is outputted generated by the ramp wave generating part 41. The analog 

into the switching part 24. If D5 and D4 are 11, only the s^^^h 55 is switched according to an output value Q3 for 

fourth ramp wave r4 is outputted mto the switching part 24. outputting a third ramp wave r3 generated by the ramp wave 

The counter 23 counts the mput data from 0 to 63 m generatinc part 41 

sequence and switches the switching part 24 on or off. That -n, 1 -/ u eic • ♦* u j * * * 

Tthe switching part 24 is on ^Hc the counter 23 is J^'nn fVT\^.T^^^ T^""' 

counting, and is off when the counter is finished. While the ^f^^^ ^^^.^T'^^u a first DC voltage 

switching part 24 is on, it applies a ramp voltage into the generated by the voltage generatmg part 43. The 

buffer 25 through the ramp selecting part 22. That is. the ^"^^"S switch 56 is switched according to an output value 

switching part 24 applies into the buffer a ramp voltage of decoder 51 for outputtmg a second DC voltage 

a different tilt which has already been set by the T-V curve 15 Vdc2 generated by the voltage generating part 43. The 

of the panel according to bits D4 and D5. This buffer 25 analog switch 58 is switched according to an output value 

latches an output of the switching part 24 for a predeter- Q2 of the decoder 51 for outputting a third DC voltage Vdc3 

mined time after switching part 24 is turned off. generated by the voltage generating part 53. The analog 

Thus, the sections of the T-V curve are corrected by a switch 59 is switched according to an output value Q3 of the 

ramp wave form of a different tilt according to the charac- 20 decoder 51 for outputting a fourth DC voltage Vdc4 gener- 

teristics of the T-V curve, so that the counter enables the ated by the voltage generating part 43. 

gamma correction without extending the number of data Output ports of the analog switches 53 to 55 are all 

bits, and without a gamma correction circuit. commonly connected to the adder 45, as are the output ports 

Second embodiment of the invention of the analog switches 56 to 59. 

FIG. 8 is a structural block diagram of an LCD driving 25 FIG. 11 is a detailed circuit diagram of the adder 45, 

circuit according to a second embodiment of the invention. which is a non-inverting type adder using an operational 

For explanatory purposes, the input data is set to be 6 bits amplifier. That is, an inverting input port (-) of the opera- 

and the T-V curve is divided into sections as shown in FIG. tional amplifier OPl is grounded through a resistor R. The 

1. The input data and the section division of the T-V curve ramp voltage Vramp and the DC voltage Vdc are commonly 

can be changed according to the characteristics of a particu- 30 inputted into the non-inverting input port (+) through resis- 

lar panel. tors Rl and R2, respectively. A negative feedback resistor R' 

As shown in FIG. 8, an LCD driving circuit includes a is connected between the output port and the inverting port 

ramp wave generating part 41 for generating a plurality of (-). The ramp voltage Vramp is one of ramp waves outputted 

ramp waves having different tilts, a first selecting part 42 for by being selected by the first selecting part 42. The DC 

selecting the ramp waves generated by the ramp wave 35 voltage Vdc is one of DC voUages Vdcl to Vdc4 which are 

generating part 41, a voltage generating part 43 for gener- outputted when selected by the second selecting part 44. 

ating a direct current (DC) voltage corresponding to each Since the data is 6 bits, 64 gradations should be displayed, 

section, a second selecting part 44 for selecting the DC Since the T-V curve is divided into 4 sections, only 16 

voltage generated by the voltage generating part 43, an adder gradations per section are displayed. In this case, the front 2 

45 for adding the ramp wave and a level of the DC voltage 40 bits D4 and D5 of the input data are used for the selection 

generated from the first and second selecting parts 42 and of DC voltages and ramp wave forms, and the rear 4 bits D3 

44, respectively, a counter 46 for counting input data, a to DO are used for the counter. Ramp waves rl to r3 are 

switching part 47 for outputting the result of the adder 45 generated in the ramp wave generating part 41 as shown in 

when switched on according to an output of the counter 46, FIGS. 9a to 9c in order to correct the T-V curve in each of 

and a latch 48 for latching an output of the switching part 47. 45 the sections. According to each of the sections, the voltage 

The first and second selecting parts 42 and 44 receive front generating part 43 generates DC voltages, such as DC 

2 bits D5 and D4 and select the ramp wave and the DC level voltages Vdcl to Vdc4 corresponding to a, b, c, and d. If the 

at the same time, and the counter 46 counts the rear 4 bits T-V curve is divided into the four sections, i.e. o, a, b, c, and 

of the input data so as to control the switching part 47. d as shown in FIG. 1, FIG. 9fl is a ramp wave for correcting 

FIGS. 9a to 9c show the outputs of the ramp wave 50 the section o-a; FIG. 9b is a. ramp wave for correcting the 

generating part 41. For the sections shown in FIG. 1, FIG. section a-c; and FIG. 9c is a ramp wave for correction the 

9fl is a ramp wave for correction of the section o-a, FIG. 9b section c-d. 

is a ramp wave for correction of the section a-c, and FIG. 9c Accordingly, having selected a corresponding ramp wave 

is a ramp wave for correction of the section c-d. The tilts of among ramp waves generated by the ramp wave generating 

the ramp waves generated by the ramp wave generating part 55 part 41 according to the values of the front bits D5 and D4, 

41 are set according to the characteristics of a particular the first selecting part 42 outputs it to the adder 45. Having 

panel. selected a corresponding DC voltage among DC voltages 

FIG. 10 is a detailed block diagram of the first and second generated by the voltage generating part 43, the second 

selecting parts 42 and 44 of which each includes a decoder selecting part 44 outputs it to the adder 45. For example, if 

51 for selecting an output among a plurality of outputs 60 D5 and D4 are 00, the output QO of the decoder 51 is enabled 
accordingtothe values of input data D5 and D4, an OR gate and the rest of the outputs Ql to Q3 are disabled. 

52 for logically combining outputs Ql and Q2 of the decoder Accordingly, the analog switch 53 of the first selecting part 
51, analog switches 53 to 55 for outputting a corresponding 42 is on and the rest of the analog switches 54 and 55 are off, 
ramp wave when switched according to the outputs of the such that only the first ramp wave rl inputted into the analog 
decoder 51 and the OR gate 52, and analog switches 56 to 65 switch 53 and shown io FIG. 9a is outputted into the adder 
59 for outputting a corresponding DC level when switched 45. Similarly, the analog switch 56 of the second selecting 
by the ou^ut of the decoder 51. part 44 is on, and the rest analog switches 57 to 59 are off, 
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such that only the first DC voltage Vdcl inputted into the 
analog switch 56 is outputted into the adder 45. 

If D5 and D4 are 01, the output Ql of the decoder 51 is 
enabled and the rest outputs QO, Q2, and Q3 are disabled. 
Accordingly, the output of the OR gate 52 of the first 
selecting part 42 is high such that the analog switch 54 is on 
and the rest of the analog switches 53 and 55 are off. As a 
result, the second ramp wave r2 inputted into the analog 
switch 54 and shown in FIG. 9b is outputted into the adder 
45. Also, the analog switch 57 of the second selectipg part 
44 is on, and the rest of the analog switches 56, 58, and 59 
are off, such that only the second DC voltage Vdc2 inputted 
into the analog switch 57 is outputted into the adder 45. 
Also, if D5 and D4 are 10, the second ramp wave r2 of FIG. 
96 and the third DC voltage Vdc3 are selected and outputted 
into the adder 45. If D5 and D4 are 11, the third ramp wave 
r3 of FIG. 9c and the fourth DC voltage Vdc4 are selected 
by the first and second selecting parts 42 and 44 so as to be 
outputted into the adder 45. That is, the selected ramp and 
the DC voltage depend on the front 2 bits D5 and D4 as in 
Table 1. 



TABLE 1 



D5 


D4 


Vramp 


Vdc 


0 


0 


rl 


Vdcl 


0 


1 


r2 


Vdc2 


1 


0 


tl 


Vdc3 


1 


1 


r3 


Vdc4 



The adder 45 adds the ramp voltage and the DC voltage 
selected by the first and second selecting parts 42 and 44, 
respectively. At this time, the ramp voltage Vramp is one of 
ramp waves rl to r3 selected by the first selecting part 42, 
and the DC voltage Vdc is one of the DC voltages Vdcl to 
Vdo4 selected by the second selecting part 44. 

Since the adder 45 is a non-inverting type adder using an 
operation amplifier, a ramp voltage selected by the first 
selecting part 42 is inputted into the non-invertiiig input port 
(+) of the operation amplifier OPl through the resistor Rl, 
and the DC voltage selected by the second selecting part 44 
is inputted into the non-inverting input port (+) through the 
R2. The inverting port (-) of the operational amplifier OPl 
is grounded through the resistor R. 

The current flowing through resistors Rl and R2 in the 
adder input is determined by the ramp voltages, the DC 
voltage, and the resistor values Rl and R2. If Rl is equal to 
R2, V+=(Vramp+Vdc)/2, and the output io of the adder is 
(1+R'/R)V+. Also, if R* is equal to R, i=2x(Vramp+Vdc)/ 
2»Vramp+Vdc. Here, the DC voltage outputted by the 
second selecting part 44 becomes an oflket voltage of the 
ramp voltage selected and outputted by the first selecting 
part 42. For example, as shown in FIG. 12a, if the second 
ramp wave r2 and the third DC voltage Vdc3 are selected 
when D5 and D4 are 10, the output of the adder 45 is 
increased to the second ramp wave form r2 from the third 
DC voltage Vdc3 imtil the counter 46 is finished counting. 

The switching part 47 is on while the counter 46 is 
coimting. It is off when the counting is finished. The latch 48 
latdies an output of the adder 45 for a predetermined time 
after the switching part 47 is turned off. 

Shown in FIG. 12^, "tl" is a time for counting and "t2" 
is a time for latching. The addition of tl and t2 is a selecting 
period 1 H of the line 1. The count time of the counter 46 
depends of the rear 4 bits of the input data. For example, if 
D3, D2, Dl, and DO are 1111, the counter 46 counts from 6 
to 15; if they are 0111, it counts from 0 to 7. Also, i^ as 
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shown in FIG. 12Z>, the third ramp wave r3 and the fourth DC 
voltage Vdc4 are selected by the first and second selecting 
parts 42 and 44 respectively, an output of the adder 45 is 
increased to the third ramp wave r3 firom the fourth DC 
5 voltage Vdc4 until the counter 46 is finished counting. When 
the count function is finished, the output is maintained by the 
latch 48. 

As described previously, gamma correction is obtained 
without any gamma correction circuit by virtue of correction 
by ramp wave forms having different tilts in the T-V curve 
according to the T-V curve characteristics, thereby making 
the T-V curve linear as shown in FIG. 13. Since the T-V 
curve is divided into four sections, 16 gradations are in each 
space between adjacent sections, whereby the counter 46 
need only count the rear 4 bits so as to display the multiple 
gradations. As a result, the multiple gradations can be 
displayed using a small number of voUage sources while the 
counter 46 is less burdened. Accordingly, when the number 
of input data bits is increased, since only the operation 
frequency of the counter 46 in each space between adjacent 
20 sections need be increased, the coimter becomes less bur- 
dened. 

Third embodiment of the invention 

FIG. 14 is a structural block diagram of an LCD driving 
circuit according to a third embodiment of the invention. 
25 The function of the LCD driving circuit is same as that of 
FIG. 8. However, a switching part is placed in front of the 
adder. 

A ramp voltage Vramp selected by a first selecting part 42 
is inputted into a first switching part 62-1 through a resistor 

30 R4. A DC voltage Vdc selected by a second selecting part 44 
is inputted into the switching part 62-2 through a resistor R5. 
The first and second switching parts 62*1 and 62-2 are 
turned on or off by the control of a counter 61. Outputs of 
the first and second switching parts 62-1 and 62-2 are 

35 inputted into the adder 63 and an output of the adder 63 is 
inputted into a latch 65. 

Each of the tilts of the ramp waves generated by the ramp 
wave generating means can be ((Vf^.i+Vi)xl H), in which 
^ ^ voltage of a section right after a predetermined 

40 number of sections, and V,- is a voltage of a section just prior 
to the section, and 1 H is a selecting time of line 1. 

According to the LCD driving circuit consistent with the 
present invention, a ramp voltage having a different tilt 
predetermined by a T-V curve of a panel according to a data 

45 section is outputted to make the T-V curve linear, such that 
gamma correction can be obtained without extra gamma 
correction circuits, thereby reducing power consumption. 

Further, by dividing the T-V curve into a predetermined 
number of sections, and by generating and adding the DC 

50 voltage and ramp wave in each section thereto, the T-V curve 
is linearized. As a result, multiple gradations can be dis- 
played with a small number of voUage sources, thus less- 
ening the burden on the counter 46. Thus, gamma correction 
is provided without additional gamma correction circuits, 

55 reducing power consumption and cost. 

It will be apparent to those skilled in the art that various 
modification and variations can be made in the LCD driving 
circuit of the present invention without departing from the 
spirit or scope of the invention. Thus, it is intended that the 

60 present invention cover the modifications and variations of 
this invention provided they come within the scope of the 
appended claims and their equivalents. 
What is claimed is: 

1. A liquid crystal display (LCD) driving ciicuit compris- 
es ing: 

a ramp wave generating means for generating a plurality 
of ramp waves each having an appropriate tilt for each 
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section along a T axis of a T-V (transmission-voltage) 

curve representing the light transmittivity of an LCD 

according to an applied voltage; 
a ramp wave selecting means for selecting one of the 

plurality of ramp waves according to input data; and, 
a coimt means for adjusting the time the ramp wave 

outputted by the ramp wave selecting means is applied. 

2. The LCD driving circuit as claimed in claim 1, wherein 
the count means comprises: 

a counter for counting the input data in sequence; 
a switching part responsive to the counter for outputting 

the ramp wave selected by the ramp wave selecting 

means; and, 

a buffer for maintaining the ramp wave outputted by the 
switching part for a predetermined time after the 
switching part is turned off. 

3. A liquid crystal display (LCD) driving circuit compris- 
ing: 

a voltage generating means for generating voltage sources 
each corresponding to sections along a T axis of a T-V 
(transmissivity-voltage) curve representing the light 
transmittivity of an LCD according to an applied volt- 
age; a ramp wave generating means for generating 
ramp waves each having an appropriate tilt for each of 
the sections; an adding means for adding the voltage 
source and ramp wave generated from the voltage 
generating means and the ramp wave generating 
means, respectively, for a corresponding section; and, 

a count means for adjusting the time an adding result of 
the adding means is applied. 

4. The LCD driving circuit as claimed in claim 3, wherein 
the voltage generating means comprises: 

a voltage generating part for generating a voltage source 
for each section along the a T axis of the T-V curve; 
and, 

a selecting part for outputting one of the plurality of 
voltage sources according to input data. 

5. The LCD driving circuit as claimed in claim 3, wherein 
the ramp wave generating means comprises: 

a ramp wave generating part for generating a plurality of 
ramp waves having appropriate tilts at the sections set 
by the voltage generating means; and, 

a selecting part for selecting one of the plurality of ramp 
waves according to the input data. 

6. The LCD driving circuit as claimed in claim 3, wherein 
each of the tilts of the ramp waves generated by the ramp 
wave generating means is ((V£^i+Vi)xl H), in which V,.^i is 
a voltage of a section right after a predetermined number of 
the sections, and V,- is a voltage of a section just prior to the 
section, and 1 H is a selecting time of line 1. 

7. The LCD driving circuit as claimed in claim 3, wherein 
the adding means inlcudes an adder using an operational 
amplifier. 

8. The LCD driving circuit as claimed in claim 3, wherein 
the count means comprises: 

a counter for counting a predetermined number of as 

many as predetermined steps between the sections set 

according to the input data; 
a switching means for outputting an adding result of the 

adding means when activated by the counter; and, 
a latch for maintaining the adding result of the adding 

means for a predetermined time after the switching 

means is turned off by the count means. 

9. The LCD driving circuit as claimed in claim 8, wherein 
the time for counting by the counter plus the time for 65 
maintaining by the latch equals the selecting time 1 H of line 

1. 
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10. The LCD driving circuit as claimed in claim 8, 
wherein while the counter is counting, an output of the 
adding means is increased firom the selected voltage source 
to the selected ramp wave form. 

11. A method for driving a liquid crystal display (LCD) 
comprising the steps of: 

generating a plurality of ramp waves each having an 
appropriate tilt for each section along a T axis of a T-V 
(transmission-voltage) curve representing the light 
transmittivity of an LCD according to an applied volt- 
age; selecting one of the plurality of ramp waves 
according to input data; and, 

adjusting a time the ramp wave outputted by the ramp 
wave selecting means is applied. 

12. A method for driving an LCD comprising the steps of: 
generating voltage sources each corresponding to sections 

along a T axis of a T-V (transmissivity-voltage) curve 
representing the light transmittivity of an LCD accord- 
ing to an applied voltage; 

generating ramp waves each having an appropriate tilt for 
each of the sections; 

adding the voltage source and ramp wave generated from 
the voltage generating means and the ramp wave gen- 
erating means, respectively, for a corresponding sec- 
tion; and, 

adjusting the time an adding result of the adding means is 
appUed. 

13. A liquid crystal display (LCD) driving circuit com- 
prising: 

a ramp wave generator producing a plurality of ramp 
waves, the ramp waves having different tilts; 

a ramp wave selector receiving the plurality of ramp 
waves and selecting one ramp wave corresponding to a 
first digital data; and 

a switching part applying the selected ramp wave to a 
panel of the LCD for a predetermined time, the prede- 
termined time being determined by a second digital 
data. 

14. The liquid crystal display (LCD) driving circuit in 
claim 13, the circuit further including a counter receiving the 
second digital data and controlling the switching part. 

15. The liquid crystal display (LCD) driving circuit in 
claim 13, the circuit further including: 

a voltage generator producing a plurality of DC voltages; 

a voltage selector receiving the plurality of DC voltages 
and selecting one DC voltage corresponding to the first 
digital data; and an adder adding the selected ramp 
wave and the selected DC voltage. 

16. The Uquid crystal display (LCD) driving circuit in 
claim 15, wherein the first digital data and second digital 
data comprise all bits of display data. 

17. The liquid crystal display (LCD) driving circuit in 
claim 15, the circuit further including a counter receiving the 
second digital data and controlling the switching part. 

18. The liquid crystal display (LCD) driving circuit in 
claim 13, wherein the first digital data and second digital 
data comprise all bits of display data. 

19. The liquid crystal display (LCD) driving circuit in 
claim 13, the drcuit further including a buffer between the 
switching part and the panel. 

20. The Uquid crystal display (LCD) driving circuit in 
claim 13, wherein the second d^tal data includes the first 
digital data. 
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